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Description

The STM32F412XE/G devices are based on the high-performance ARM® Cortex®-M4 32-
bit RISC core operating at a frequency of up to 100 MHz. Their Cortex®-M4 core features a
Floating point unit (FPU) single precision which supports all ARM single-precision data-
processing instructions and data types. It also implements a full set of DSP instructions and
a memory protection unit (MPU) which enhances application security.

The STM32F412xE/G belong to the STM32 Dynamic Efficiency ™ product line (with
products combining power efficiency, performance and integration) while adding a new
innovative feature called Batch Acquisition Mode (BAM) allowing to save even more power
consumption during data batching.

The STM32F412XE/G incorporate high-speed embedded memories (up to 1 Mbyte of Flash
memory, 256 Kbyte of SRAM), and an extensive range of enhanced I/Os and peripherals
connected to two APB buses, three AHB buses and a 32-bit multi-AHB bus matrix.

All devices offer one 12-bit ADC, a low-power RTC, twelve general-purpose 16-bit timers,
two PWM timer for motor control and two general-purpose 32-bit timers.

They also feature standard and advanced communication interfaces.

e Up to four I°Cs, including one I°C supporting Fast-Mode Plus

e Five SPIs

e Five I°Ss out of which two are full duplex. To achieve audio class accuracy, the 1°S
peripherals can be clocked via a dedicate internal audio PLL or via an external clock to
allow synchronization.

e Four USARTs

e An SDIO/MMC interface

e AnUSB 2.0 OTG full-speed interface
e  Two CANSs.

In addition, the STM32F412xE/G embed advanced peripherals:

e Aflexible static memory control interface (FSMC)

e A Quad-SPI memory interface

e Addigital filter for sigma modulator (DFSDM), two filters, up to four inputs, and support
of microphone MEMSs.

The STM32F412xE/G are offered in 7 packages ranging from 48 to 144 pins. The set of
available peripherals depends on the selected package. Refer to Table 2: STM32F412xE/G
features and peripheral counts for the peripherals available for each part number.

The STM32F412xE/G operates in the — 40 to + 105 °C temperature range from a 1.7 (PDR
OFF) to 3.6 V power supply. A comprehensive set of power-saving mode allows the design
of low-power applications.

DocID028087 Rev 4 13/193
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These features make the STM32F412xE/G microcontrollers suitable for a wide range of
applications:

Motor drive and application control

Medical equipment

Industrial applications: PLC, inverters, circuit breakers
Printers, and scanners

Alarm systems, video intercom, and HVAC

Home audio appliances

Mobile phone sensor hub

Wearable devices

Connected objects

Wifi modules

Figure 4 shows the general block diagram of the devices.
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Figure 7. Power supply supervisor interconnection with internal reset oFr(")

VDD
| External Vpp power supply supervisor
Ext. reset controller active when
Vpp <1.7V
0
NRST
PDR_ON [
——1 1 Vo
MSv34975V1

1. The PRD_ON pin is available only on WLCSP64, UFBGA100, UFBGA144 and LQFP144 packages.

A comprehensive set of power-saving mode allows to design low-power applications.

When the internal reset is OFF, the following integrated features are no longer supported:
e The integrated power-on reset (POR) / power-down reset (PDR) circuitry is disabled.
e  The brownout reset (BOR) circuitry must be disabled.

e The embedded programmable voltage detector (PVD) is disabled.

e Vgt functionality is no more available and VBAT pin should be connected to Vpp.

Voltage regulator

The regulator has three operating modes:
—  Main regulator mode (MR)
—  Low power regulator (LPR)
—  Power-down

Regulator ON

On packages embedding the BYPASS_REG pin, the regulator is enabled by holding
BYPASS_REG low. On all other packages, the regulator is always enabled.

DocID028087 Rev 4 27193
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Figure 9. Startup in regulator OFF: slow Vpp slope
power-down reset risen after Voap 1/Vcap 2 stabilization

A
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> time

NRST

» time

MSv31179v2

1.

This figure is valid whatever the internal reset mode (ON or OFF).

Figure 10. Startup in regulator OFF mode: fast Vpp slope
power-down reset risen before Vecap 1/Vcap 2 stabilization

A VDD

PDR=17V |-y

Vear_1/Vear_ 2

Vig [==f-=1---

MSv31180V1

1.

This figure is valid whatever the internal reset mode (ON or OFF).
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Pinouts and pin description
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Table 9. STM32F412xE/G pin definition (continued)

Pin Number
© ° < Pin name
< ) . "
§ > & ‘8_ 2| 3 § (function | Pin Vo Notes Alternate functions Addltl_onal
& & 6| a g g a after1 type | structure functions
gl a8 & o |a|d reset)(!)
5172|3553
TIM5_CH3, FSMC_AS5,
-l -1-|-1]-|E4|15 PF5 110 FT - EVENTOUT -
-|-1|-|10|F2|D2]| 16 VSS S - - - -
-l -] -|1M|G2|D3|17 VDD S - - - -
TRACEDO, TIM10_CH1,
-l -1-1-1]-|F3]18 PF6 110 FT - QUADSPI_BK1_I03, -
EVENTOUT
TRACED1, TIM11_CH1,
-l -1 -1-1-|F2|19 PF7 110 FT - QUADSPI_BK1_102, -
EVENTOUT
TIM13_CH1,
-l -1-1-1]-1]63]20 PF8 110 FT - QUADSPI_BK1_l00, -
EVENTOUT
TIM14_CH1,
-l - - -] - | G2 21 PF9 110 FT - QUADSPI_BK1_I01, -
EVENTOUT
TIM1_ETR, TIM5_CH4,
-l -1 -1-1]- 61|22 PF10 110 FT - EVENTOUT -
5|5 |Ds|12|F1|D1|23| 20 | yo FT @ EVENTOUT OSC_IN
OSC_IN -
6|6 |E8|13|ct|E1|24]| P 1o FT “) EVENTOUT 0SC_OUT
0SC_OuT -
7|7 |D7|14|H2 | F1|25| NRST | 1/O| RST - - NRST
ADC1_10,
- | 8|D5[15| H1 | H1 | 26 PCO 110 FT - EVENTOUT WKUP2
ADC1_11,
- | 9|F8|16| J2 | H2 | 27 PC1 110 FT - EVENTOUT WKUP3
SPI2_MISO, 12S2ext_SD,
- |10 |E7 |17 | J3 | H3 | 28 PC2 1/0 FT - DFSDM1_CKOUT, ADC1_12
FSMC_NWE, EVENTOUT
SPI2_MOSI/12S2_SD,
- |11 |D6|18| K2 | H4 | 29 PC3 110 FT - FSMC_ A0, EVENTOUT ADC1_13
-l -1 -119] - | - |30 VDD S - - - -
VSSA/
8 [12]G8|20| - | - | 31| (27 S - - - -
S I I T T IO L T VSSA S - - - -
50/193 DoclD028087 Rev 4 ‘Yl
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Table 9. STM32F412xE/G pin definition (continued)

Pin Number

UFQFPN48

LQFP64

WLCSP64
LQFP100
UFBGA100

UFBGA144

LQFP144

Pin name
(function
after
reset)“)

Pin
type

1[o]
structure

Notes

Alternate functions

Additional
functions

22

H6 | 31 | L4

L3

42

PAG

I/0

FT

TIM1_BKIN, TIM3_CHf,
TIM8_BKIN, SPI1_MISO,
1282_MCK, TIM13_CHH,
QUADSPI_BK2_100,
SDIO_CMD, EVENTOUT

ADC1_6

17

23

ES5 |32 | M4

M3

43

PA7

1’0

FT

TIM1_CH1N, TIM3_CH2,
TIM8_CH1N,
SPI1_MOSI/I2S1_SD,
TIM14_CHH1,
QUADSPI_BK2_|01,
EVENTOUT

ADC1_7

24

E4 |33 | K5

J4

44

PC4

I/0

FT

1281_MCK,
QUADSPI_BK2_102,
FSMC_NE4, EVENTOUT

ADC1_14

25

G5|34 | L5

K4

45

PC5

I/0

FT

I2CFMP1_SMBA,
USART3_RX,
QUADSPI_BK2_103,
FSMC_NOE, EVENTOUT

ADC1_15

18

26

H5| 35 | M5

L4

46

PBO

110

FT

TIM1_CH2N, TIM3_CH3,
TIM8_CH2N,
SPI5_SCK/I2S5_CK,
EVENTOUT

ADC1_8

19

27

F4 | 36 | M6

M4

47

PB1

1’0

FT

TIM1_CH3N, TIM3_CH4,
TIM8_CH3N,
SPI5_NSS/12S5_WS,
DFSDM1_DATINO,
QUADSPI_CLK,
EVENTOUT

ADC1_9

20

28

G4 |37 | L6

J5

48

PB2

110

FT

DFSDM1_CKINO,
QUADSPI_CLK,
EVENTOUT

BOOT1

M5

49

PF11

I/0

FT

TIM8_ETR, EVENTOUT

L5

50

PF12

I/0

FT

TIM8_BKIN, FSMC_AG,
EVENTOUT

51

VSS

G5

52

VDD

K5

53

PF13

110

FT

I2CFMP1_SMBA,
FSMC_A7, EVENTOUT

52/193
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Pinouts and pin description

Table 9. STM32F412xE/G pin definition (continued)

Pin Number
© ° < Pin name
< . . ..
§ > & ‘8_ 2| 3 § (function | Pin Vo Notes Alternate functions Addltl_onal
& & 6| a g g a after1 type | structure functions
gl a8 & o |a|d reset)(!)
5| =g|4]5 |53
DFSDM1_CKINT1,
- |- -188| A5 | A9 |123 PD7 I/0 FT - USART2_CK, -
FSMC_NE1, EVENTOUT
USART6_RX,
-l - - - - | E8 | 124 PG9 1/0 FT - QUADSPI_BK2_102, -
FSMC_NE2, EVENTOUT
-l - - - - | D8 | 125 PG10 Ie} FT - FSMC_NE3, EVENTOUT -
-l - - - - | C8 |126 PG11 I/0 FT - CAN2_RX, EVENTOUT -
USART6_RTS, CAN2_TX,
o A N I R B Vo FT " | FSMC_NE4, EVENTOUT i
TRACED?2,
-l - - - - | D7 | 128 PG13 I/0 FT - USART6_CTS, -
FSMC_A24, EVENTOUT
TRACED3, USART6_TX,
-l - - - - | C7 |129 PG14 I/0 FT - QUADSPI_BK2_103, -
FSMC_A25, EVENTOUT
-l - - - - - 1130 VSS S - - - -
-l -] - - - | F6 [ 131 VDD S - - - -
USART6_CTS,
-l - - - - | B7 |132 PG15 I/0 FT - EVENTOUT -
JTDO-SWO, TIM2_CH?2,
[2CFMP1_SDA,
SPI1_SCK/I281_CK,
39|55 |A5|89 | A8 | A7 | 133 PB3 110 FT - SPI3_SCK/I2S3_CK. -
USART1_RX, 12C2_SDA,
EVENTOUT
JTRST, TIM3_CHf1,
SPIM_MISO, SPI3_MISO,
40 |56 B4 |90 | A7 | A6 |134 PB4 110 FT - 12S3ext_SD, 12C3_ SDA, -
SDIO_DO0, EVENTOUT
TIM3_CH2, 12C1_SMBA,
SPI1_MOSI/I12S1_SD,
41157 |C4191| C5 | B6 |135 PB5 1/0 FT - SPI3_MOSI/I12S3_SD, -
CAN2_RX, SDIO_D3,
EVENTOUT
"_l DoclD028087 Rev 4 59/193




STM32F412xE/G

Electrical characteristics

Table 13. Current characteristics

Symbol Ratings Max. Unit
>lypp Total current into sum of all Vpp , power lines (source)M) 160
> lyss Total current out of sum of all Vgg 4 ground lines (sink)(") -160
> lyppuse Total current into Vppygg power lines (source) 25
lvop Maximum current into each Vpp , power line (source)() 100
lyss Maximum current out of each Vgg , ground line (sink)(") -100
Output current sunk by any I/O and control pin 25
o Output current sourced by any I/O and control pin -25 mA
Total output current sunk by sum of all I/O and control pins @ 120
>lo Total output current sunk by sum of all USB 1/Os 25
Total output current sourced by sum of all I/Os and control pins(z) -120
Injected current on FT and TC pins ()
Ingceiny @ ) ) —5/+0
Injected current on NRST and B pins “)
ZhnyPIN) Total injected current (sum of all I/O and control pins)(®) 125

1. All main power (Vpp, Vppa, Vppuss) and ground (Vss, Vgsa) pins must always be connected to the external power supply,
in the permitted range.

2. This current consumption must be correctly distributed over all I/Os and control pins.

Negative injection disturbs the analog performance of the device. See note in Section 6.3.20: 12-bit ADC characteristics.

4. Positive injection is not possible on these I/Os and does not occur for input voltages lower than the specified maximum

value.

5. When several inputs are submitted to a current injection, the maximum X,y ) is the absolute sum of the positive and
negative injected currents (instantaneous values).

Table 14. Thermal characteristics

Symbol Ratings Value Unit
Tste Storage temperature range —65 to +150
T, Maximum junction temperature 125
°C
Maximum lead temperature during soldering
TLeAD (WLCSP64, LQFP64/100/144, UFQFPNA48, see note (!
UFBGA100/144)

1. Compliant with JEDEC Std J-STD-020D (for small body, Sn-Pb or Pb assembly), the ST ECOPACK®
7191395 specification, and the European directive on Restrictions on Hazardous Substances (ROHS
directive 2011/65/EU, July 2011).

3
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Electrical characteristics

Table 29. Typical and maximum current consumption in Sleep mode - Vpp = 1.7 V (continued)

Typ Max(")
ags fHCLK .
Symbol Parameter Conditions (MHz) Tp= Tp= Tp= Tp= Unit
25°C 25°C 85°C | 105°C
100 29 3.51 414 4.90
) ] 84 2.4 2.83 3.46 4.16
All peripherals disabled,
PLL ON@), 50 14 177 | 223 | 284
Flash deep power down
25 1.0 1.37 1.88 2.50
20 1.3 1.37 1.88 2.50
All peripherals disabled, 16 0.5 0.63 1.23 1.91
HSI, PLL OFF®),
| Supply current | Flash deep power down 1 0.4 0.52 1.13 1.81 mA
DD ;
in Sleep mode 100 3.3 322 | 398 | 4.90
84 2.8 2.62 3.30 4.16
All peripherals disabled, 64 21 1.89 2.50 3.18
External clock, PLL ON®),
Flash ON 50 1.7 1.58 2.16 2.84
25 1.2 1.28 1.82 2.50
20 1.3 1.28 1.82 2.50
All peripherals disabled, 16 0.8 0.88 1.36 1.91
HSI, PLL OFF®), Flash ON 1 0.7 0.77 126 | 1.81

1. Based on characterization, not tested in production unless otherwise specified.

2. Add an additional power consumption of 1.6 mA per ADC for the analog part. In applications, this consumption occurs only
while the ADC is ON (ADON bit is set in the ADC_CR?2 register).

Table 30. Typical and maximum current consumptions in Stop mode - Vpp=1.7V

Typ(") Max(?
Symbol Conditions Parameter Ta= | Ta= | Ta= Ta= Unit
25°C |25°C| 85°C | 105°C
Flash in Stop mode, all  [Main regulator usage 121.1 | 168.0 | 648.7 | 1213.0
oscillators OFF, no
independent watchdog ~ |LOW power regulator usage 50.8 | 104.7 | 667.4 | 1328.0
Ipp_sTop|Flash in Deep power Main regulator usage 79.1 11220 609.1 | 1181.0 | yA
down mode, all oscillators |Low power regulator usage 224 | 74.7 | 631.9 | 1286.0
OFF, no independent Low power low voltage regulator
watchdog usage 18.5 | 58.5 | 558.3 | 1145.0

1. Based on characterization, not tested in production.

3
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Electrical characteristics STM32F412xE/G

6.3.10 PLL characteristics

The parameters given in Table 44 and Table 45 are derived from tests performed under
temperature and Vpp supply voltage conditions summarized in Table 15.

Table 44. Main PLL characteristics

Symbol Parameter Conditions Min Typ Max Unit
foLL N PLL input clock(") - 0.95() 1 210 | MHz
feLL ouT PLL multiplier output clock - 24 - 100 MHz

48 MHz PLL multiplier output
fpLLas ouT | ok P P - - 48 75 MHz
fVCO_OUT PLL VCO output - 100 - 432 MHz
PLL lock time VCO freq = 100 MHz 75 - 200
t us
LOCK VCO freq = 432 MHz 100 i 300
Cycle-to-cycle jitter RMS - 25 -
peak
to - 150 -
System clock peak
; ; 100 MHz R -
Jitter®) Period Jitter RMS 15 ps
peak
to - 200 -
peak
Bit Time CAN jtter Cycle to cycle at 1 MHz - 330 -
on 1000 samples.
. VCO freq = 100 MHz 0.15 0.40
[ “) PLL VDD -
DD(PLL) power consumption on VCO freq = 432 MHz 0.45 0.75
mA
| @) PLL power consumption on VCO freq = 100 MHz 0.30 i 0.40
DDA(PLL) VDDA VCO freq = 432 MHz 0.55 0.85

1. Take care of using the appropriate division factor M to obtain the specified PLL input clock values. The M factor is shared
between PLL and PLLI2S.

2. Guaranteed by design, not tested in production.
The use of two PLLs in parallel could degraded the Jitter up to +30%.

4. Guaranteed by characterization, not tested in production.

3

108/193 DoclD028087 Rev 4




STM32F412xE/G

Electrical characteristics

Table 45. PLLI2S (audio PLL) characteristics

Symbol Parameter Conditions Min Typ Max Unit
fpLLI2S IN PLLI2S input clock(") - 0.95( 1 2.10
fpLLI2S ouT PLLI2S multiplier output clock - - - 216 MHz
fVCO_OUT PLLI2S VCO OUtpUt - 100 - 432
VCO freq = 100 MHz 75 - 200
tLock PLLI2S lock time Ms
VCO freq = 432 MHz 100 - 300
Cycle to cycle at RMS B 90 B
12.288 MH_z on peak
48 kHz period, to - 4280 -
) N=432, R=5 peak
Master 12S clock jitter
L (3) Average frequency of
Jiter 12.288 MHz os
N=432,R=5 i 9 i
on 1000 samples
Cycle t le at 48 KH
WS 128 clock jtter yclelocycle z ; 400 ]
on 1000 samples
| (4) |PLLI2S power consumption on | VCO freq = 100 MHz 0.15 0.40
DD(PLLI2S) vV, - -
DD VCO freq = 432 MHz 0.45 0.75 A
m
| (4) | PLLI2S power consumption on | VCO freq = 100 MHz 0.30 i 0.40
DDAPLLIZS) ™ Vppa VCO freq = 432 MHz 0.55 0.85
1. Take care of using the appropriate division factor M to have the specified PLL input clock values.
2. Guaranteed by design, not tested in production.
3. Value given with main PLL running.
4. Guaranteed by characterization, not tested in production.
Kys DoclD028087 Rev 4 109/193
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6.3.11 PLL spread spectrum clock generation (SSCG) characteristics

The spread spectrum clock generation (SSCG) feature allows to reduce electromagnetic
interferences (see Table 52: EMI characteristics for LQFP144). It is available only on the

main PLL.
Table 46. SSCG parameter constraints
Symbol Parameter Min Typ Max(" Unit
fMod Modulation frequency - - 10 kHz
md Peak modulation depth 0.25 - 2 %
MODEPER * INCSTEP (Modulation period) * (Increment Step) - - 2151 -

1. Guaranteed by design, not tested in production.

Equation 1
The frequency modulation period (MODEPER) is given by the equation below:

MODEPER = round[fp | v/ (4% fyeq)]

feLL N @and fyog Must be expressed in Hz.
As an example:

If foLL v =1 MHz, and fyyop = 1 kHz, the modulation depth (MODEPER) is given by
equation 1:

MODEPER = round[10%/ (4x 10%)] = 250

Equation 2
Equation 2 allows to calculate the increment step (INCSTEP):

INCSTEP = round[((2"° = 1)x mdx PLLN)/ (100 x 5x MODEPER)]

fyco_out must be expressed in MHz.
With a modulation depth (md) = £2 % (4 % peak to peak), and PLLN = 240 (in MHz):

INCSTEP = round[((2"°=1)x 2x 240)/ (100 x 5x 250)] = 126md(quantitazed)%

An amplitude quantization error may be generated because the linear modulation profile is
obtained by taking the quantized values (rounded to the nearest integer) of MODPER and
INCSTEP. As a result, the achieved modulation depth is quantized. The percentage
quantized modulation depth is given by the following formula:

Mdgyantizea% = (MODEPER x INCSTEP x 100x 5)/ ((2'°~1)x PLLN)

As a result:

Mdquantized% = (250 % 126x 100x 5)/ ((2'°~1)x 240) = 2.002%(peak)

3
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Figure 41. SPI timing diagram - slave mode and CPHA = 1(1
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Figure 42. SPI timing diagram - master mode!(")
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Figure 43. I?S slave timing diagram (Philips protocol)(!)
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LSB transmit/receive of the previously transmitted byte. No LSB transmit/receive is sent before the first
byte.

Figure 44. IS master timing diagram (Philips protocol)(")
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SDreceive X LSB receive@ MSB receive Bitn receive LSB receive
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LSB transmit/receive of the previously transmitted byte. No LSB transmit/receive is sent before the first
byte.
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6.3.20 12-bit ADC characteristics

Unless otherwise specified, the parameters given in Table 71 are derived from tests
performed under the ambient temperature, fpc| k2 frequency and Vppp supply voltage
conditions summarized in Table 15.

Table 71. ADC characteristics

Symbol Parameter Conditions Min Typ Max Unit
Vppa | Power supply 1.7() - 3.6 Vv
-~ Vopa —VRer+ < 1.2V @)
Vrer+ | Positive reference voltage 1.7 - Vppa V
Vppa=1.7Mt0 2.4V 0.6 15 18 MHz
fapc | ADC clock frequency
Vppa=2.41t03.6V 0.6 30 36 MHz
, fanc = 30 MHz, - - 1764 | kHz
frric® | External trigger frequency 12-bit resolution
- - - 17 1fapc
' (3) . 0(VesaOrVRer- | _
VaIN Conversion voltage range tied to ground) VREF+ Vv
@ . . See Equation 1 for ) )
RAIN External input impedance details 50 kQ
Rapc@™ | Sampling switch resistance - - - 6 kQ
(2) |Internal sample and hold ) )
Capc capacitor 4 7 PF
. () |Injection trigger conversion fapc =30 MHz - - 0.100 Hs
lat latency - - - 30 | 1fapc
@ Regular trigger conversion fapc = 30 MHz - - 0.067 HS
latr latency - - - 20) 1 1/fape
fapc = 30 MHz 0.100 - 16 us
ts(2) Sampling time ADC
- 3 - 480 1fapc
tSTAB(Z) Power-up time - - 2 3 us
fADC =30 MHz
. - 16.4
12-bit resolution 0-50 6.40 Hs
fADC =30 MHz
0.43 - 16.34
10-bit resolution HS
Total conversion time (including f =30 MHz
tconv® A ADC 0.37 - 16.27
CONV sampling time) 8-bit resolution Hs
fADC =30 MHz
0.30 - 16.20
6-bit resolution Hs
9 to 492 (tg for sampling +n-bit resolution for successive
A 1fapc
approximation)
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Table 83. Asynchronous non-multiplexed SRAM/PSRAM/NOR -

read timings(1(

Symbol Parameter Min Max Unit
tw(NE) FSMC_NE low time 2Thelk=1 |2 Thek + 0.5
ty(NOE_NE) FSMC_NEx low to FSMC_NOE low 0 1
tw(NOE) FSMC_NOE low time 2Tholk - 1.5 2THeLk
tNE_NOE) E:ZIC_NOE high to FSMC_NE high hold 0 )
tya NE) FSMC_NEXx low to FSMC_A valid - 1.5
th(A_NOE) Address hold time after FSMC_NOE high 0 -
ty(BL NE) FSMC_NEXx low to FSMC_BL valid - 0.5 ns
th(BL_NOE) FSMC_BL hold time after FSMC_NOE high 0 -
tsu(Data_NE) Data to FSMC_NEXx high setup time Thewk - 1 -
tsuata_NoE) | Data to FSMC_NOEX high setup time Thewk - 1 -
thpata_NoE) | Data hold time after FSMC_NOE high 0 -
th(Data_NE) Data hold time after FSMC_NEXx high 0 -
tynabv NE) | FSMC_NEx low to FSMC_NADV low - 0
tw(NADV) FSMC_NADV low time - Thek + 0.5
1. C_=30pF.
2. Based on characterization, not tested in production.
Table 84. Asynchronous non-multiplexed SRAM/PSRAM/NOR read -
NWAIT timings(1)
Symbol Parameter Min Max Unit
tw(NE) FSMC_NE low time TThek -1 | 7THek + 0.5
tw(NOE) FSMC_NWE low time 5Thek— 1.5 5THeLk
tw(NWAIT) FSMC_NWAIT low time Thok—0.5 - ns
U (NWAIT_NE) rI:issglr\]/lC_NWAIT valid before FSMC_NEXx 5ThoLk -1 )
th(NE_NWAIT) il:f/g/llii_NEx hold time after FSMC_NWAIT ATpoik* 1 )
1. C_=30pF.
2. Based on characterization, not tested in production.
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In all timing tables, the Ty is the HCLK clock period (with maximum

FSMC_CLK = 90 MHz).

Figure 54. Synchronous multiplexed NOR/PSRAM read timings
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Part numbering

Table 109. Ordering information scheme

Example:

Device family

STM32 F 412C E T 6 TR

STM32 = ARM®-based 32-bit microcontroller

Product type

F = General-purpose

Device subfamily

412 = 412 line

Pin count

C =48 pins
R = 64 pins
V =100 pins
Z =144 pins

Flash memory size

E = 512 Kbytes of Flash memory
G = 1024 Kbytes of Flash memory

Package

H=UFBGA7 x7 mm
J=UFBGA 10 x 10 mm
T=LQFP

U = UFQFPN

Y = WLCSP

Temperature range

6 = Industrial temperature range, —40 to 85 °C

Packing

TR = tape and reel

No character = tray or tube

DoclD028087 Rev 4
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Figure 83. USB peripheral-only Full speed mode, VBUS detection using GPIO
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1. External voltage regulator only needed when building a Vg5 powered device.

Figure 84. USB controller configured as host-only and used in full speed mode
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1. The current limiter is required only if the application has to support a Vgys powered device. A basic power
switch can be used if 5 V are available on the application board.
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